Introduction
Over the past decades, important steps have been taken in the European Union (EU) to integrate markets. One of the expected effects of the process of market integration in Europe is price convergence. This hope relies on the argument that the elimination of administrative and technical barriers to trade, as a result of the Single Market Project, and the recent adoption of the euro reduce the potential for price discrimination across member States by bolstering cross-border trade and price transparency.
There is a growing number of papers on the issues of price and inflation convergence among the EU member States (see, e. g., Rogers, 2001 ; Rogers et al., 2001; Gámez-Amián and Morales-Zumaquero, 2002; SosvillaRivero and Gil-Pareja, 2004; ) and the Economic and Monetary Union (EMU) countries (see, e. g., Parsley and Wei, 2001; Rogers, 2001 and 2002; , Mathä, 2003 Gajewski and Kowalski, 2004; Isgut, 2004; .
One market that has attracted particular interest is the European car market. A number of studies have focused on price convergence in this market (Gaulier and Haller, 2000; Lutz, 2003 and Goldberg and Verboven, 2001 . The automobile industry provides a good opportunity for studying price convergence within both EU and EMU countries. On the one hand, cross-country price differentials in the automobile industry are an important source of concern under the European Commission´s competition policy. On the other hand, since May 1993, the European Commission publishes, twice a year, car price surveys for most car models sold in the EU. These surveys represent one of the rare comprehensive public sources of information on product prices in the EU at such detailed level. The aim of this paper is to examine whether the EU15 and the eurozone car markets have become more integrated, using as a metric the dispersion of prices net of taxes. Several studies of cross-country price behaviour in the European car market have used the European Commission surveys. Our study extends those works by using a different approach to examining this data set and by incorporating the most recent information. In particular, unlike previous studies we use the concept of -convergence to individual car models and our data set includes 13 post-EMU and 7 post-euro price surveys.
Moreover, since the European Monetary System (EMS) represented an intermediary step to the EMU, fostering economic integration and economic policy coordination in the EU, we devote particular attention to the convergence of prices experienced by countries whose currencies participated in the core of EMS. In this regard, it has been claimed that international trade in a regime of relatively fixed exchange rates such as that established by EMS would result in price convergence.
Therefore, by analysing price dispersion among EMS countries with different degrees of exchange rate stability we hope to shed new light on the success of this exchange rate agreement in terms of imposing price discipline among its members.
The paper is organised as follows. Section 2 shortly discusses economic incentives and institutions generating deviations from the law of one price. Section 3 presents the data and Section 4 sets out the empirical findings. Finally, Section 5 offers some concluding remarks.
The law of one price and the European car market
Much work in international economics has focused on testing the validity of the law of one price across countries. There are two versions of the law of one price: the F o r P e e r R e v i e w 3 absolute and the relative versions. The absolute version states that, in the absence of transfer costs and under competitive conditions, identical tradable goods priced in a common currency should be equal across countries. The intuition is that international arbitrage should work until prices are aligned. In its relative form, the law of one price asserts that common currency prices for a particular product should change in the same way over time in different countries and, therefore, it is compatible with the existence of a stable price differential across markets.
Most of the empirical literature on the law of one price examines the validity of its relative version for two main reasons. First, arbitrage is not costless. Trading between locations itself has costs (such as transportation costs and trade barriers), so prices are very unlikely to be identical across locations. However, these costs may give rise to a stable price differential across markets. Second, the preference for testing the relative version is a consequence of data limitations rather than research interest. Typically, the data employed in price comparisons is in the form of price indices in different countries whose levels are arbitrary. However, in this paper, the price information is based on recommended retail prices of specific car models. The prices used are in ECUs/euros, net of taxes and have been adjusted for equipment differences. It allows us to focus on the analysis of the convergence to the absolute version of the law of one price.
Two conditions are necessary for the existence of international price differences beyond transfer costs. First, firms must have market power as well as some profit incentives to set different prices in different countries. Different demand elasticities, import quotas, or an incomplete pass-through (of taxes or exchange rates) are the most frequently studied sources of markup differences across countries in the European car market and, therefore, of international price discrimination. Second, firms must be able to prevent arbitrage. Traditionally, several non-tariff barriers, such as the type approval 
Data
The price data used in this study come from the biannual surveys of car price differentials between EU member States carried out by the European Commission since 1993. The methodology used has remained the same for all the surveys over the period [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] . About 17 European and 8 Japanese manufacturers submit the recommended retail prices on 1 May and 1 November of each year of their top-selling products. The number of car models included in these surveys ranges from 72 to 91. The prices are adjusted for equipment differences and are given in local currency and in ECU/euros, both before and after tax. It shall be noted that actual retail prices may differ from recommended list prices, as dealers are free to set their own prices. In particular, the data set on pre-tax list prices used in this study consists of the surveys conducted over 2 The car models considered are those with appropriate data in the range of countries and periods for the purposes of this paper. As a result, we have selected a sample of 45 models.
Empirical results
There are various ways of measuring price dispersion, for example, the range of minimum price to maximum price, the ratio of maximum price to minimum price, the ratio of maximum price to mean price, the standard deviation, or the coefficient of variation. We use the coefficient of variation (the ratio of the standard deviation to the mean) as a measure of price dispersion because it has advantages over the cited alternative measures. The coefficient of variation is invariable to changes of scale, which is useful for comparing price dispersion across products or, for a given product, price dispersion over time. This affords an advantage with respect to the range and the standard deviation. Moreover, although the range and max-min ratio provide a measure of the total spread of the data, they only take into account the two extreme values of the data, and, therefore, they are susceptible to considerable distortion if there is an unusual extreme observation. Similarly, the max-mean ratio only considers all the observations in the computation of the mean, in contrast to the coefficient of variation, which takes into account each of the data observations in both the numerator (which measures the average spread around the mean) and the denominator (the mean).
For the purpose of assessing price convergence in the European car market we use the concept of -convergence. 4 It is interesting to note that these two groups roughly correspond to the distinction made by the European Commission (1995) between those countries whose currencies continuously participated in the ERM from its inception maintaining broadly stable bilateral exchange rates among themselves over the sample period, and those countries whose currencies either entered the ERM later or suspended its participation in the ERM, as well as fluctuating in value to a great extent relative to the Deutschmark. These two groups are also basically the same found in Jacquemin and Sapir (1996) In general, the evidence of price dispersion trends varies both according to the sample of countries and the periods considered. As can be observed in Table 1 , during the period 1995-1998 about only half of the estimates are negative and just 5 of them are statistically significant at the 10% level. Furthermore, 4 of the 21 positive coefficients reach the statistical significance. Therefore, it is not surprising that the average coefficient of variation in 1995 (0.1008) be very similar to that found in 1998 (0.1002).
One fact that may help to explain the scarce evidence of convergence during this period is the presence of an incomplete pass-through of exchange rates to prices. Several studies for the automobile industry have found an incomplete degree of exchange rate pass-through to import prices (Gross and Schmitt, 1996; Gron and Swenson, 1996; , and the existence of international price discrimination induced by exchange rate movements (Gagnon and Knetter, 1995; Gil-Pareja, 2001; Gil-Pareja, 2003) , a phenomenon termed pricing to market. 5 Extending the period to 2001, we find an increase in the number of negative and statistically significant coefficients, but the distribution of positive and negative coefficients remains unchanged. However, when we add to the sample period data from 2002 onwards, the existence of price convergence is evident: 44 out of 45 coefficients are negative and 89% of them are techniques (i.e., principal components and cluster analysis) to a wide set of structural and macroeconomic indicators, to form an homogeneous group of countries. 5 In particular, Gil-Pareja (2003) investigates pricing to market behaviour in European car markets during the period 1993-1998 using also the bi-annual data provided by the European Commission surveys. He concludes that local currency price stability is a strong and pervasive phenomenon across products that is consequence, at least in part, of the existence of market segmentation and international price discrimination, despite the completion of the single market programme in 1993. This might be expected since in 1998 price dispersion was considerably smaller across EMU countries (0.0669) than across EU member States (0.1002). Second, as was expected the evidence of price convergence is stronger in the post-euro period. 6 The inclusion of Greece among the set of EMU countries leads to the same conclusions.
7
Another important issue that is an aim of this paper is the analysis of the impact of exchange rates on convergence patterns. To this end, we study whether EU15 countries with relatively stable, credible exchange rates prior to the EMU (group A)
showed a stronger tendency towards convergence than countries with relatively volatile 6 Friberg (2001) provides theoretical support to the notion that the single currency should reduce the potential for price discrimination across participating countries. He shows that a monetary union promotes market integration by reducing the option value of segmenting markets. 7 To economise on space, we do not report the results including Greece among the set of EMU countries, but they are available from the authors upon request. in group A (0.0577). Finally, it is worth noting that the evidence that emerges after splitting this period into two does not differ markedly in both groups of countries, being greater the number of negative trends in the post-euro period.
Concluding remarks
This paper has offered empirical evidence of price convergence in one market that has attracted special attention during the last decade: the European car market. In particular, we have examined whether the EU15 and the eurozone car markets have 8 See Ledesma-Rodríguez et al. (2005) for an empirical evaluation of the credibility of the commitment to maintain the exchange rate around a central parity in the ERM. Overall, the evidence of price convergence varies both according to the sample of countries and the periods considered. In the EU as a whole there is no tendency for price dispersion to fall over the period [1995] [1996] [1997] [1998] . In contrast, from 1998 onwards the evidence of price convergence is pervasive and stronger in the post euro period than until 2001.
If we restrict the sample to the EMU markets, we observe significant lower price dispersion over time since 1995. It suggests that EMU countries started convergence previously to the EU as a whole. However, the study of price convergence after irrevocable exchange rates were fixed provides broadly the same picture than for the EU in its entity, being the average coefficient of variation in 2005 slightly smaller in EMU countries.
Finally, exchange rate movements over the period 1995-1998 has significantly contributed to price dispersion across countries. In particular, countries with relatively volatile exchange rates show a tendency towards a higher price dispersion over the period 1995-1998. However, from 1998 onwards there is a very clear evidence of lower price dispersion over time.
9 Consistent with these trends, the average coefficient of variation in group A fall from 0.095 to 0.087 over the period 1995-1998, whereas, in group B, it increases from 0.079 to 0.108 over the same period. Gron, A. and Swenson, D. L. (1996) : "Incomplete exchange rate pass-through and imperfect competition: the effect of local production", American Economic Review 86, pp. 71-76. Gross, D. G. and Schmitt, N. (1996) : "Exchange rate pass-through and rivalry in the Swiss automobile market", Weltwirtschaftliches Archiv 132, pp. 278-303. , Mathä, 2003 Gajewski and Kowalski, 2004; Isgut, 2004; . Altogether, these studies show evidence of price convergence for the EU whereas the evidence for the EMU is mixed.
1
One market that has attracted particular interest is the European car market. A number of studies have focused on price convergence in this market. Gaulier and Haller (2000) , using aggregate prices constructed as averages of car prices, do not find evidence of convergence over the 1993-1999 period for 10 EU countries, and conclude that exchange rate fluctuations explain a large share of the price dispersion dynamics. Lutz (2004a) finds that there has been no tendency for average car price differentials to 1 A recent and excellent review of the literature about price dispersion in the EU and, especially, in EMU countries is offered by . finds that EMU has not let to a widespread narrowing of price dispersion during the first three years. Goldberg and Verboven (2001) document and explain car price dispersion using data for approximately 150 models, five markets (Belgium, France, Germany, Italy, and the UK) and 14 years (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) . They find substantial year-to-year volatility in the car price data that is to a large extent accounted by exchange rate fluctuations and the incomplete response of local currency prices to these fluctuations. The automobile industry provides a good opportunity for studying price convergence within both EU and EMU countries. On the one hand, cross-country price differentials in the automobile industry are an important source of concern under the European Commission´s competition policy. On the other hand, since May 1993, the European Commission publishes, twice a year, car price surveys for most car models sold in the EU. These surveys represent one of the rare comprehensive public sources of information on product prices in the EU at such detailed level.
2 For the automobile industry several studies have found an incomplete degree of exchange rate passthrough to import prices (Gross and Schmitt, 1996; Gron and Swenson, 1996; , and The aim of this paper is to examine whether the EU15 and the eurozone car markets have become more integrated, using as a metric the dispersion of prices net of taxes. Several studies of cross-country price behaviour in the European car market have used the European Commission surveys. Our study extends those works by using a different approach to examining this data set and by incorporating the most recent information. In particular, unlike previous studies we use the concept of O-convergence to individual car models and our data set includes 13 post-EMU and 7 post-euro price surveys.
Moreover, since the European Monetary System (EMS) represented an intermediary step to the EMU, fostering economic integration and economic policy coordination in the EU, we devote particular attention to the convergence of prices experienced by countries whose currencies participated in the core of EMS. In this regard, it has been claimed that international trade in a regime of relatively fixed exchange rates such as that established by EMS would result in price convergence. Therefore, by analysing price dispersion among EMS countries with different degrees of exchange rate stability we hope to shed new light on the success of this exchange rate agreement in terms of imposing price discipline among its members.
The law of one price and the European car market
the existence of international price discrimination induced by exchange rate movements (Gagnon and Knetter, 1995; Gil-Pareja, 2001; Gil-Pareja, 2003) , a phenomenon termed pricing to market. Much work in international economics has focused on testing the validity of the law of one price across countries. There are two versions of the law of one price: the absolute and the relative versions. The absolute version states that, in the absence of transfer costs and under competitive conditions, identical tradable goods priced in a common currency should be equal across countries. The intuition is that international arbitrage should work until prices are aligned. In its relative form, the law of one price asserts that common currency prices for a particular product should change in the same way over time in different countries and, therefore, it is compatible with the existence of a stable price differential across markets.
Two conditions are necessary for the existence of international price differences beyond transfer costs. First, firms must have market power as well as some profit incentives to set different prices in different countries. Different demand elasticities, import quotas, or an incomplete pass-through (of taxes or exchange rates) are the most frequently studied sources of markup differences across countries in the European car 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The car models considered are those with appropriate data in the range of countries and periods for the purposes of this paper. As a result, we have selected a sample of 45 models.
Empirical results
There are various ways of measuring price dispersion, for example, the range of minimum price to maximum price, the ratio of maximum price to minimum price, the ratio of maximum price to mean price, the standard deviation, or the coefficient of variation. We use the coefficient of variation (the ratio of the standard deviation to the mean) as a measure of price dispersion because it has advantages over the cited alternative measures. The coefficient of variation is invariable to changes of scale, which is useful for comparing price dispersion across products or, for a given product, price dispersion over time. This affords an advantage with respect to the range and the standard deviation. Moreover, although the range and max-min ratio provide a measure of the total spread of the data, they only take into account the two extreme values of the data, and, therefore, they are susceptible to considerable distortion if there is an unusual extreme observation. Similarly, the max-mean ratio only considers all the observations in the computation of the mean, in contrast to the coefficient of variation, which takes into account each of the data observations in both the numerator (which measures the average spread around the mean) and the denominator (the mean). It is interesting to note that these two groups roughly correspond to the distinction made by the European Commission (1995) between those countries whose currencies continuously participated in the ERM from its inception maintaining broadly stable bilateral exchange rates among themselves over the sample period, and those countries whose currencies either entered the ERM later or suspended its participation in the ERM, as well as fluctuating in value to a great extent relative to the Deutschmark. These two groups are also basically the same found in Jacquemin and Sapir (1996) , applying multivariate analysis 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In general, the evidence of price dispersion trends varies both according to the sample of countries and the periods considered. As can be observed in Table 1 , during the period 1995-1998 about only half of the estimates are negative and just 5 of them are statistically significant at the 10% level. Furthermore, 4 of the 21 positive coefficients reach the statistical significance. Therefore, it is not surprising that the average coefficient of variation in 1995 (0.1008) be very similar to that found in 1998 (0.1002).
One fact that may help to explain the scarce evidence of convergence during this period is the presence of an incomplete pass-through of exchange rates to prices. As noted before, in the automobile industry, several studies have found an incomplete degree of exchange rate pass-through to import prices (Gross and Schmitt, 1996; Gron and Swenson, 1996; and evidence of pricing to market behaviour (Gagnon and Knetter, 1995; Gil-Pareja, 2001; Gil-Pareja, 2003) .
7
Extending the period to 2001, we find an increase in the number of negative and statistically significant coefficients, but the distribution of positive and negative coefficients remains unchanged. However, when we add to the sample period data from 2002 onwards, the techniques (i.e., principal components and cluster analysis) to a wide set of structural and macroeconomic indicators, to form an homogeneous group of countries. 7 In particular, Gil-Pareja (2003) investigates pricing to market behaviour in European car markets during the period 1993-1998 using also the bi-annual data provided by the European Commission surveys. He concludes that local currency price stability is a strong and pervasive phenomenon across products that is consequence, at least in part, of the existence of market segmentation and international price discrimination, despite the completion of the single market programme in 1993.
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8
This result suggests that EMU countries started convergence previously to the EU as a whole, which, as noted before, does not show evidence of convergence before 1999. Moreover, the study of price convergence after that year provides broadly the same picture than for the EU in its entity. Nonetheless, two comments are in order. First, there is more evidence of convergence among the EU15 than among EMU countries.
This might be expected since in 1998 price dispersion was considerably smaller across EMU countries (0.0669) than across EU member States (0.1002). Second, as was expected the evidence of price convergence is stronger in the post-euro period.
9
The inclusion of Greece among the set of EMU countries leads to the same conclusions.
10
Another important issue that is an aim of this paper is the analysis of the impact of exchange rates on convergence patterns. To this end, we study whether EU15
8 The result for the period 1995-2001 contrast with Lutz (2004b)'s conclusions on a sample of 17 car models. 9 provides theoretical support to the notion that the single currency should reduce the potential for price discrimination across participating countries. He shows that a monetary union promotes market integration by reducing the option value of segmenting markets. 10 To economise on space, we do not report the results including Greece among the set of EMU countries, but they are available from the authors upon request. showed a stronger tendency towards convergence than countries with relatively volatile exchange rates (group B)
11
. In the stable currencies group (Table 3) , a small majority, 26
out of 45, cases show a declining trend over the period 1995-1998, although only 10 of them are statistically significant at the 10% level. However, in group B (Table 4) 
Concluding remarks
11 See Ledesma-Rodríguez et al. (2005) for an empirical evaluation of the credibility of the commitment to maintain the exchange rate around a central parity in the ERM. 12 Consistent with these trends, the average coefficient of variation in group A fall from 0.095 to 0.087 over the period 1995-1998, whereas, in group B, it increases from 0.079 to 0.108 over the same period. Overall, the evidence of price convergence varies both according to the sample of countries and the periods considered. In the EU as a whole there is no tendency for price dispersion to fall over the period 1995-1998. In contrast, from 1998 onwards the evidence of price convergence is pervasive and stronger once the euro has replaced the national currencies of the member countries than until 2001. If we restrict the sample to the EMU markets, we observe significant lower price dispersion over time since 1995. It suggests that EMU countries started convergence previously to the EU as a whole.
However, the study of price convergence after irrevocable exchange rates were fixed provides broadly the same picture than for the EU in its entity, being the average coefficient of variation in 2005 slightly smaller in EMU countries (0.048 against 0.057 in the EU15). Finally, exchange rate movements over the period 1995-1998 has significantly contributed to price dispersion across countries. In particular, countries We view our results as evidence that the progress towards integration in Europe, and especially the formation of the EMU, has had visible effects on cross-country price dispersion in recent years even though price convergence has not yet been completed.
The findings in this paper have important policy implications. First, the comparison between countries with different degrees of exchange rate stability, as well as the evidence that price differentials become smaller before across EMU countries than across EU15 members, has implications for the role of exchange rate policy on price dispersion. Both suggest that exchange rate stability has contributed to market integration beyond the role of other integration measures. Second, since the evidence of price convergence is stronger in the post-euro period not only for the EMU members but also for the EU15, the decline in price dispersion cannot be attributed, at least only, to the euro. Finally, to the extent that, despite the evidence of convergence, price differences across EMU countries remain significant after four years from the introduction of the euro, additional measures to promote integration (such as tax harmonization) are needed to achieve full integration of the European car markets. 0.0007 -0.0014** -0.0011*** -0.0010*** -0.0024** -0.0002 Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Each trend is the coefficient estimate of biannual price dispersion (measured as the coefficient of variation) regressed on a time trend. The regressions include a constant. Group A includes: Austria, Belgium, Denmark, France, Germany, Luxembourg, and the Netherlands. 0.0122*** -0.0001 -0.0024** -0.0056*** -0.0108*** -0.0006 Notes: * significant at 10%; ** significant at 5%; *** significant at 1%. Each trend is the coefficient estimate of biannual price dispersion (measured as the coefficient of variation) regressed on a time trend. The regressions include a constant. Group B includes: Finland, Greece, Ireland, Italy, Portugal, Spain, Sweden, and the United Kingdom
